1. The urinary excretion of oestrogens, pregnanediol and pituitary gonadotrophins has been studied throughout nine ovulatory menstrual cycles.
studied throughout nine ovulatory menstrual cycles.
2. The pattern of hormone excretion was relatively constant from one individual to another, but the actual amounts excreted varied considerably in different individuals.
3. In none of the subjects studied did the mid-cycle peak in gonadotrophin precede the oestrogen peak.
4. The increase in urinary pregnanediol during the luteal phase occurred at the same time as or just before the rise in basal temperature and 1-4 days after the oestrogen peak.
5. There was no correlation between the amounts of oestrogens and pregnanediol excreted during the luteal phase of the cycle.
6. When gonadotrophin assays were conducted by the mouse uterus test and that depending on the prostate of the hypophysectomized rat, the results obtained agreed very closely at all stages of the cycle.
7. In one subject a marked rise in gonadotrophin output was observed as early as 9 days after a successful artificial insemination.
In the last two decades many investigators have studied the excretion of oestrogens, pregnanediol and gonadotrophins throughout the menstrual cycle. Such studies have been published by Gustavson, Mason, Hays, Wood & D'Amour [1938] , Smith, Smith & Pincus [1938] , D'Amour [1943] , Heller, Farney, Morgan & Myers [1944] , PedersenBjergaard & Tonnesen [1948] , de Watteville [1951] , Brown [1955a] , Borth, Lunenfeld & de Watteville [1957] , Buchholz [1957] and Klopper [1957] . It is generally agreed that peaks of oestrogen and of gonadotrophin excretion occur about the middle of the cycle, and that during the luteal phase the pregnanediol output rises and a second oestrogen peak occurs. Main, Cox, O'Neal & Stoeckel [1943] (2) Pregnanediol. Estimations of urinary pregnanediol were made by the method of Klopper, Michie & Brown [1955] . This procedure has been critically examined by Coyle, Mitchell & Russell [1956] [Loraine & Brown, 1954; Loraine, 1956 Loraine, , 1958 
RESULTS
The results in individual subjects are shown graphically in Figs. 1-9. In each figure a solid vertical line has been drawn to indicate the day on which the peak of oestrone and oestradiol excretion occurred. This illustrates more clearly the time relationship between the mid-cycle oestrogen peak, the gonadotrophin peak and the start of the luteal phase rise in pregnanediol excretion and in basal temperature.
A notable feature of the results is the constancy of the hormonal excretion pattern from one individual to another, although the actual quantities excreted vary con¬ siderably in different subjects. The amounts of oestrogens and pregnanediol are very similar to those previously reported by Brown [1955a] and by Klopper [1957] .
(1) Gonadotrophin determinations during the menstrual cycle In all nine subjects in whom the urinary gonadotrophin excretion was estimated by the m.u. test the output was low during the follicular phase of the cycle, being generally < 10 HMG u./24 hr. A definite rise in gonadotrophin excretion ranging from 13 to 40 HMG u./24 hr was observed at approximately mid-cycle in seven of the nine cases studied. In one individual (H.S., Fig. 8 ) the rise was absent; in the other (K.K., Fig. 9 ) it is possible (but unlikely) that the peak might have been missed due to the loss of two 24 hr urine samples. In five of the seven cases the increased output of gonadotrophins was confined to a single pooled sample collected over 48 hr; in the remaining two the peak was more diffuse, being spread over 6 days (W.N., Fig. 3 ) and over 9 days (A.D., Fig. 2 ). During the luteal phase of the cycle and menstruation itself the gonadotrophin levels were again low, usually being < 10 HMG U./24 hr. None of the subjects showed a pre-menstrual rise in gonado¬ trophin excretion.
In one subject with mammary carcinoma (M.R., Fig. 5 (2) Relationship between oestrogen and gonadotrophin peaks The first oestrogen peak is a constant feature of the ovulatory menstrual cycle. The rise and fall in urinary oestrone and oestradiol levels parallel one another, but the changes in oestriol excretion tend to lag about 24 hr behind the other two. Brown [1955a,1957] explained this phenomenon on the basis that oestrone and oestradiol-ß are the primary ovarian hormones and that it takes some time for them to be metabolised and excreted as oestriol. If this view is correct fluctuations in urinary oestrone and oestradiol levels are probably closely related in time to fluctuations in the ovarian secretion of these hormones.
In none of the subjects studied did the gonadotrophin peak precede the oestrogen peak. Indeed in three of them (M.R., V.N. and D.H., second cycle, Figs. 5-7, respectively) it occurred several days after the first oestrogen peak. If it is assumed that gonadotrophins are eliminated in urine as rapidly as oestrogens, then the rise of oestrogen excretion could not have been initiated by the increase in gonadotrophin output.
No correlation was found between the height of the gonadotrophin peak, on the one hand, and the height of the oestrogen peak, on the other. However, the fact that the gonadotrophin excretion at mid-cycle was usually estimated from urine collected over 48 hr may have masked the exact timing and true height of the gonadotrophin peak.
(3) Relationship of urinary pregnanediol excretion to basal temperature and to oestrogen and gonadotrophin peaks In eight out of the nine subjects the luteal phase rise in pregnanediol coincided approximately with the rise in basal temperature; one patient (A.D., Fig. 2) showed no increase in basal temperature during the luteal phase but followed the usual hormone excretion pattern in all respects. The luteal increase in urinary pregnanediol always occurred after the oestrogen peak, the time interval ranging from 1 to 4 days. In two subjects (M.R. and V.N., Figs. 5 and 6) the rise in pregnanediol output occurred before the gonadotrophin peak.
(4) Relationship between oestrogen and pregnanediol levels during luteal phase of cycle
In the majority of subjects the over-all rise and fall of oestrogen levels paralleled those of pregnanediol. However, there appeared to be no correlation between the actual amounts of oestrogens and of pregnanediol excreted. In other words, subjects excreting the largest quantities of oestrogens do not necessarily excrete the largest amount of urinary pregnanediol.
(5) Relationship of oestrogen peak to onset of menstrual bleeding The time elapsing between the first oestrogen peak and the commencement of menstruation varied from 11 to 16 days. It may be of some interest that the shortest intervals were found in the two individuals (H. S. and . K., Figs. 8 and 9 respectively), in whom the gonadotrophin peak was apparently absent.
(6) Findings subsequent to artificial insemination One subject was artificially inseminated on the day of the mid-cycle oestrogen peak and became pregnant during the period of study. The pregnancy proceeded unevent¬ fully to term. The first indication of conception was a sharp rise in gonadotrophin excretion 9 days after insemination. This rise might have been due to the presence in urine of human chorionic gonadotrophin (HCG) rather than of pituitary gonado¬ trophins. The increase in gonadotrophin excretion was followed by a rise in oestrogen output and by maintenance of luteal phase levels of pregnanediol.
DISCUSSION
The results reported here resemble those of other workers but provide a more detailed picture of the hormonal interrelationships during the menstrual cycle. The most interesting changes are those which occur at mid-cycle and which are presumably related to ovulation. The first indication of increasing ovarian activity following menstrual bleeding is an increase in urinary oestrogen excretion; this rise begins about the 8th day of a 28-day cycle and culminates in a well-defined and characteristic peak some 4 days later. Since the oestrogen peak has been demonstrated in all subjects with a proven ovulatory menstrual cycle [Brown, 1955a, Brown, Kellar & Matthew, to be published], it is probably closely associated with ovulation.
Another characteristic finding which occurs at mid-cycle is the urinary gonado¬ trophin peak. This peak does not bear a constant relationship in time to the oestrogen peak. In some of our subjects the two peaks occurred simultaneously; in others the gonadotrophin peak followed the oestrogen peak after 1-4 days but in none did the gonadotrophin peak precede the oestrogen peak. In two individuals (H. S. and . K., Figs. 8 and 9) a gonadotrophin peak was not observed, although all the other evidence indicated that ovulation had occurred. These subjects also showed evidence of poorly functioning corpora lutea, and it is therefore possible that the mid-cycle rise in gonado¬ trophin output, although not essential to ovulation itself, may have an important effect on the growth and development of the corpus luteum. Further work relating ovulation to the oestrogen peak on the one hand and to the gonadotrophin peak on the other is obviously necessary.
The increase in urinary pregnanediol excretion and the rise in basal temperature generally occurred 2-3 days after the oestrogen peak; in none of the individuals studied did these changes occur before or on the day of the oestrogen peak. In five subjects the rises in urinary pregnanediol and in basal temperature occurred after the gonadotrophin peak; in two individuals (M.R. and V.N., Figs. 5 and 6) the relation¬ ships were reversed.
It is generally assumed that the increase in urinary pregnanediol and the rise in basal temperature occur simultaneously, that both are due to an increase in the production of progesterone by the newly formed corpus luteum and that both provide a reliable indication that ovulation has occurred. That these traditional views may have to be modified is suggested by the observations of Dibbelt [1950] and of Klopper [1957] who showed that, in some subjects, the increase in urinary pregnanediol may occur before the rise in basal temperature. 
